Despite being a major cause of morbidity and mortality, chronic obstructive pulmonary disease (COPD) is frequently undiagnosed. Yet the burden of disease among the undiagnosed is significant, as these individuals experience symptoms, exacerbations, and excess mortality compared to those without COPD. The U.S. Preventive Services Task Force recommends against routine screening of asymptomatic individuals with spirometry. Hence, case-finding approaches are needed. A recently developed instrument, the fiveitem COPD Assessment in Primary Care to Identify Undiagnosed Respiratory Disease and Exacerbation Risk questionnaire plus peak expiratory flow, demonstrates good sensitivity and specificity for distinguishing cases from control subjects and is being studied prospectively in primary care settings to determine its impact on patient outcomes. However, finding the undiagnosed is only half the battle. Mounting evidence suggests significant COPD-like respiratory burden among individuals without airflow obstruction. Many experience dyspnea, mucus production, and exacerbation events and have emphysema and airway abnormalities on computed tomographic (CT) imaging of the chest. However, it is still unclear how to best treat these individuals and which individuals go on to develop spirometric obstruction. These challenges underline the importance of defining what constitutes "early disease." A recently proposed definition characterizes early COPD as either: 1) airflow limitation, 2) compatible CT imaging abnormalities, or 3) accelerated forced expiratory volume in 1 second decline in persons younger than 50 years and with greater than a 10 pack-year smoking history. Although it is recognized that this definition does not encompass all individuals who will develop COPD, it is an attempt to identify a group of individuals with most rapid decline to better understand mechanisms of disease development and where disease-modifying interventions are most likely to be successful. Ultimately, leveraging tools such as chest CT imaging, the electronic medical record, and machine learning algorithms may aid in the identification of such individuals.
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality in the United States and worldwide (1) (2) (3) (4) . Although the globally increasing burden of disability associated with the disease is a challenge (5), the problem of frequently undiagnosed COPD is equally concerning. It has been estimated that only one-third to onehalf of individuals with chronic airway obstruction carry a formal diagnosis of COPD (6) . If we are to ultimately decrease the impact of COPD on individuals and society, early detection will need to play a key role.
The Problem of Undiagnosed COPD
Many barriers contribute to diagnostic delay, particularly in primary care.
Respiratory symptoms may be ignored by both patients and clinicians, as dyspnea is often attributed to old age or obesity. Physicians may believe they have little to offer smokers who are not ready or willing to quit and may be less inclined to screen persons who are not active smokers anymore (7) . Practice patterns are further reinforced by the U.S. Preventive Services Task Force recommendation against the use of spirometry for routine screening of asymptomatic individuals (8) . They cite a lack of evidence that early detection has the ability to alter the course of disease or improve patient outcomes. However, it is worth noting the key word "asymptomatic," as many individuals at increased risk for COPD self-restrict activity to minimize symptoms. It should not be assumed that undiagnosed COPD is without clinical impact. Analysis of data from the National Health and Nutritional Examination Surveys demonstrated that individuals with undiagnosed chronic airway obstruction had a higher risk for all-cause mortality than those without obstruction ( Figure 1 ) (6) . Others have also reported exacerbationlike respiratory events (9) , greater health status impairment (10) , and increased healthcare costs and resource utilization (11, 12) among undiagnosed individuals. Importantly, appropriate inhaler therapy has been shown to not only improve quality of life but also reduce exacerbations, which are detrimental events in the natural history of the disease (13) (14) (15) .
The Global Initiative for Obstructive Lung Disease (GOLD) consensus statement recommends case finding in symptomatic patients (16) . However, to date, the development of case-finding approaches has been methodologically limited to tools based on existing epidemiologic literature or expert opinion (17, 18) . Moreover, most questionnaires have been designed to identify patients with COPD without reference to disease severity or exacerbation risk, resulting in the selection of a high proportion of individuals with mild or minimally symptomatic disease (19) (20) (21) (22) (23) (24) (25) . The National Institutes of Health recently sponsored the development of a new approach to case finding in COPD. A systematic analysis of existing databases was performed to provide insight into the best variables for COPD case identification. Machine learning methods were then used to select and validate variables most important in identifying patients with clinically significant COPD. Fortyfour candidate items were subsequently selected for a potential instrument and tested in cases (defined as patients with COPD with either at least one exacerbation in the previous year or forced expiratory volume in 1 second [FEV 1 ] , 60% predicted but no exacerbation in the previous year) and control subjects (defined as those without COPD and those with COPD with an FEV 1 . 60% predicted and no exacerbation in the previous year) (26) . A random forest analysis further reduced the identified variables down to the five-item COPD Assessment in Primary Care to Identify Undiagnosed Respiratory Disease and Exacerbation Risk (CAPTURE) questionnaire (Figure 2 ). Using CAPTURE plus peak expiratory flow exhibited the best sensitivity (89.7%) and specificity (78.1%) for distinguishing cases from control subjects. These results suggest that a case-finding approach incorporating both a patient questionnaire and peak expiratory flow can be used to identify individuals with clinically significant COPD. The effectiveness of this instrument in primary care settings and its potential to improve patient outcomes are being tested in an ongoing U.S. National Heart, Lung, and Blood Institute (NHLBI)-funded clinical trial (NCT03581227).
COPD without the "O"
Finding the undiagnosed, however, is only half the battle. Mounting evidence suggests "COPD-like" respiratory disease burden among those without airflow obstruction. These symptomatic individuals with "normal" spirometry are a heterogeneous group of individuals, some of whom may never go on to develop airflow obstruction but clearly experience respiratory morbidity and others who have a "pre-COPD" condition associated with more rapid lung function decline that ultimately leads to airflow obstruction. Respiratory symptoms as well as lung parenchymal and airway abnormalities on computed tomographic (CT) imaging of the chest are common among individuals with COPD risk factors but without airflow obstruction. In the Medical Research Council (MRC) National Survey of Health and Development cohort, 34.0% of ever-smokers experienced either chronic cough or chronic sputum expectoration (27) . In the COPDGene cohort, 42.3% of smokers with a normal FEV 1 /forced vital capacity (FVC) ratio had emphysema or airway wall thickening on CT imaging and 23.5% of them had a modified Medical Research Council dyspnea score of 2 or greater compared with 3.7% of 2. Does your breathing change with seasons, weather, or air quality?
3. Does your breathing make it difficult to do things such as carry heavy loads, shovel dirt or snow, jog, play tennis, or swim?
4. Compared to others your age, do you tire easily?
5. In the past 12 months, how many times did you miss work, school, or other activities due to a cold, bronchitis, or pneumonia? 10 (30) . These symptomatic smokers with preserved pulmonary function had significantly more COPD-like exacerbations and airway wall thickening on CT scan than both nonobstructed smokers and individuals with GOLD stage 1 or 2 disease with CAT less than 10. Their exacerbation rates were most similar to subjects with GOLD stage 1 or 2 disease with CAT greater than or equal to 10. In a separate analysis of the SPIROMICS cohort, total airway mucin concentrations were found to be elevated among these symptomatic smokers with preserved spirometry, thereby pointing to a pathologic basis for symptoms (31) . The burden of exacerbation events was further highlighted by data from the CanCOLD (Canadian Cohort of Obstructive Lung Disease) cohort. In this population-based study, among individuals with FEV 1 /FVC greater than or equal to 0.7, exacerbation events in the past year were associated with chronic cough, phlegm, and wheezing (32) . Furthermore, individuals with exacerbations were more likely to miss social activities, work for income and housework compared to their nonexacerbating counterparts.
Although these data suggest that many symptomatic smokers with preserved pulmonary function experience real morbidity, they do not fit current management guidelines for COPD. Because this population is large, the health burden posed by those with undiagnosed chronic lung disease is significant (33) . Importantly, whether they would benefit from therapy is entirely unknown. In the SPIROMICS cohort, 42% of these individuals were on bronchodilators and 23% used inhaled corticosteroids (30) . However, we currently have no evidence basis for this. To address this knowledge gap, the NHLBI-funded RETHINC (REdefining THerapy In Early COPD) trial (NCT02867761), which is currently enrolling, will examine whether current and former smokers with respiratory symptoms despite normal spirometry derive benefit from inhaled bronchodilator therapy. Specifically, this is a randomized, doubleblind, placebo-controlled trial comparing indacaterol/glycopyrronium to placebo among nonobstructed smokers with CAT score greater than or equal to 10, with a primary outcome of a 4-point improvement in the St. George's Respiratory Questionnaire. It is hoped that results from this study will provide guidance regarding potential treatment options for these patients.
However, whether these symptoms herald a condition that will ultimately progress to airflow obstruction (i.e., "early COPD") is unclear. Before 2006, the GOLD guidelines included a "GOLD 0" class, which consisted of symptomatic, at-risk individuals who did not have airflow obstruction (34) . However, in the 2007 GOLD Revision, GOLD 0 was discarded because of incomplete evidence that these individuals necessarily progress to GOLD 1 (35) . This decision was based in part on data from the population-based Copenhagen City Heart Study. Although there was an association between symptoms of chronic mucous hypersecretion and more rapid FEV 1 decline, particularly among men, many individuals without symptoms still progressed to airflow obstruction (36) . In another analysis from the same study, 13.2% and 20.5% of symptomatic, nonobstructed smokers at enrollment developed COPD after 5 and 15 years of follow-up, respectively (37) . By contrast, 11.6% and 18.5% of asymptomatic, nonobstructed smokers at enrollment had COPD after 5 and 15 years, respectively. Therefore, a significant proportion of incident airflow obstruction was actually observed among subjects without symptoms of cough and sputum production, suggesting that the GOLD 0 classification may be of little help in identifying individuals at risk for COPD.
Defining Early COPD
This subsequently leads us to the question of how to define early COPD. Up until recently there has been no accepted definition. In thinking about this, it is essential to distinguish "early disease," which refers to evidence of a pathologic process in a young individual, from "late mild disease," which refers to pathology that may be mild in severity but in an older individual who may have had it for decades. A recent review by Martinez and colleagues proposed a definition for early COPD as an individual younger than 50 years with 10 pack-years or more smoking history and either: 1) signs of airflow limitation (post-bronchodilator FEV 1 /FVC less than the lower limit of normal); or 2) emphysema or abnormal airways on CT imaging, or 3) evidence of accelerated FEV 1 decline compared with FVC (38) . These criteria were chosen with the intent to best identify individuals on a pathway toward more rapid lung function decline that would ultimately result 
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in airflow obstruction. However, it is recognized that this is not an all-inclusive definition, because more than 20% of individuals with COPD never smoked (39, 40) and because individuals progress toward airflow obstruction by different pathways. Recent data from large cohort studies suggest that factors impacting development of airflow obstruction include failure to achieve peak lung function, more rapid lung function decline in adulthood, or a combination of both ( Figure 3) (41, 42) . Factors that have been implicated in failure to achieve peak lung function include maternal smoking and a history of childhood respiratory infections and asthma. Prevention of the development of COPD will ultimately need to address these factors in addition to the cornerstone intervention of tobacco cessation in smokers. It is entirely possible that the pathologic basis for low achievement of peak lung function may be different from that of accelerated decline in adulthood. The definition for early COPD proposed by Martinez and colleagues focuses primarily on those with accelerated lung function decline in adulthood, with the goal of identifying a group of patients most likely to help us understand disease pathogenesis and in whom both preventive measures and disease-modifying therapies are most likely to be successful (38) .
If we wish to identify individuals at risk for rapid lung function decline regardless of whether they have preserved lung function at baseline, CT scan abnormalities may be particularly helpful in this regard. Although patients without airflow obstruction typically do not have significant emphysema, they do have evidence of gas trapping indicative of small airway abnormality. Accumulating data suggest that small airway abnormality precedes the development of emphysema (43) . Advanced analytic methods applied to CT images can quantitate "functional" small airway disease as defined by voxels less than 2856 Hounsfield units on the expiration scan and greater than or equal to 2950 Hounsfield units on the inspiration scan (44) .
This type of CT imaging abnormality can identify individuals without airflow obstruction who are at risk for both FEV 1 decline and further disease progression on imaging (45) .
Conclusions
Additional research will, it is hoped, allow this "working" definition of early COPD to be further refined. It may ultimately be that a combination of factors provides better predictive value than a single metric. Regardless, we need a better understanding of the causes of morbidity as well as the mechanisms that contribute to both resilience to and triggering of disease progression. Disease modification studies may have failed in part because of a focus on latestage disease. For example, although the UPLIFT (Understanding Potential LongTerm Impacts on Function with Tiotropium) study showed that tiotropium did not reduce the rate of FEV 1 decline in participants with moderate to advanced COPD (14) , a recent smaller and shorter trial showed evidence of reduction in lung function decline using the same drug in subjects with milder COPD (Figure 4) (46) . However, replicating such studies on a broader scale may be challenging, given that the majority of individuals with early disease go undiagnosed. This has resulted in a vicious cycle, as the lack of disease-modifying therapies further reinforces recommendations against screening. CT imaging has the potential to help us identify individuals with early disease, even in the absence of airflow obstruction. For example, presence of emphysema noted on a low-dose chest CT scan ordered for lung cancer screening should trigger suspicion for the presence of early smoking-related lung disease if not already diagnosed. Leveraging additional tools, such as the electronic medical record used in conjunction with machine learning algorithms, to develop predictive analytics may also aid in identifying at-risk individuals. n Author disclosures are available with the text of this article at www.atsjournals.org. 
